Low dimensional semiconductor quantum dots (<10 nm) have received great attention for potential use in biomedical applications (diagnosis and therapy) for which larger nanoparticles (>10 nm) are not suitable. Here, we demonstrate a green, biogenic synthesis route for making CdS quantum dots (QDs) with 2-5 nm particle size using tea leaf extract 
. In this context, low dimensional nanomaterials based nano-formulated drugs are promising candidates to treat disease via targeted drug delivery 5, 6 . Targeted drug delivery based biological treatment is highly precise and prevents side effects originating from systemic distribution of cytotoxic drugs and effectively controls cancer cell proliferation or tumor angiogenesis [7] [8] .
Recent reports show that metal based nanoparticles can efficiently destroy cancerous cells 9, 10, 11, 12 . In particular quantum dots (QDs), show superior production of reactive oxygen species (ROS) in biological systems 10, 13, 14 . In addition, QDs have other advantages including; typical sizes of <10 nm, exceptional physicochemical properties, low cytotoxicity and bio-compatibility. Thus, semiconductor QDs have found use in a number of biomedical applications, including bio-imaging, bio-sensing and drug delivery 15, 16, 17, 18, 19, 20, 21, 22 CdS QDs have been identified as a potential candidate to diagnose cancerous cells. 23 CdS
QDs have been synthesized through a broad range of physical and chemical techniques such as microwave heating, micro emulsion synthesis and ultrasonic irradiation 24, 25 . However, for highly precise detection of cancer cells, CdS QDs made from standard chemical synthesis is complicated and expensive, requiring hazardous chemicals and multiple synthetic steps 26 .
Therefore, alternative approaches are needed which allow synthesis using non-hazardous materials, whilst maintaining the important properties of size, physicochemical properties, low cytotoxicity and bio-compatibility. In this context, nanoparticles made via biogenic synthesis using bio-surfactants (microbes and plants) are a promising approach. Also, it offers 4 precise control of the particle size distribution and homogeneity through a slow rate of chemical reaction. 27 Compared to conventional chemical based particle stabilizers, plant extract based surfactants exhibit many advantages such as biodegradability, biocompatibility and low-toxicity 28 . One of the main advantages of biogenic synthesis approach is that organic biomolecules from plant extracts are involved as a stabilizing agent to control the particle size of the CdS QDs which does not induce any significant damage to the cells 24, 31 . Recent studies on Asparagus racemosus extract mediated CdS quantum dots showed less DNA damage activity 39 . This highlights that plant extract mediated CdS QDs can be biocompatible, less toxic and cost effective and thus highly promising for in vitro studies.
In this context, we have derived CdS QDs using tea leaf (Camellia sinensis) extract as particle stabilizing agents. were obtained from sigma Aldrich, USA. All other reagents were used in analytical grade.
Deionized water used throughout experiment obtained from ultra-pure water purification system.
Preparation of plant extract:
The Camellia sinensis plant leaves were obtained from
Valparai (Tamil Nadu, India) location. First, the leaves were washed with distilled water and then dried under shade. Followed that 3 g of chopped leaves were taken, with 30 mL of methanol and kept at 24 h incubation. Then the extract solution was filtered through the Whatman qualitative filter paper (grade number 1) and stored at 4 C for further use.
Green synthesis of CdS quantum dots:
The CdS QDs were prepared in two stages. In first stage 2 mL of 0.025 M CdSO 4 was added to 30 mL of Camellia sinensis extract and kept for 3 days incubation in the dark. In the second stage, 0.5 mL of 0.025 M Na 2 S was added and incubated for another 4 days to produce CdS nanoparticles. The resultant final solution was in bright yellow colour and was centrifuged at 13,000 rpm for 10 minutes. In order to remove the contamination in the recovered CdS QDs, the solid was washed with deionized water and repeated three times. Finally, the pellet was lyophilized for further characterization studies.
The experimental stages of CdS QDs is illustrated in Scheme 1.
6 Scheme 1. Illustration of experimental stages involved in Camellia sinensis extract mediated green CdS QDs synthesis.
Measurements and analysis:
The surface morphology and elemental analysis of resultant CdS solid sample was recorded using scanning electron microscope SEM (JEOL JSM 6360, Japan) coupled with EDX (Oxford instrument, INCApentaFETx3, England). Further, shape, and crystalline nature of the resultant CdS solid sample was studied using high resolution transmission electron microscopy (HRTEM) (JEOL JEM 2100, Japan). In order to understand the influence of organic species presence in the plant extract on CdS the FTIR spectra was recorded with a resolution of 1 cm -1 in the transmittance mode and 100 mg of potassium bromide (KBr) used as a reference (IR prestige 21, Shimadzu). The UV-Vis absorption and fluorescence emission spectra were performed on a Perkin Elmer Lambda 9
and a Horiba FluoroMax-4, respectively. The excitation wavelength was selected via monochromator and no filter was added on the pathway. For optical measurements, the CdS QDs were dispersed in ethanol and DMSO solvent.
Biological studies:
Antibacterial activity: Antibacterial activity of CdS QDs is studied by well diffusion method Then centrifuged at 10,000 rpm for 2 minutes, the supernatant was finally taken out for recording optical absorbance analysis at 541 nm 40 wavelength. The percentage of hemolysis was estimated using the relation
Note that the RBC cells were incubated with water and PBS for positive and negative controls, respectively. nm. The similar procedure was followed for DAPI (4',6-diamidino-2-phenylindole).
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Cell cycle analysis by flow cytometry: A549 cells (1x10 5 ) were seeded in a six well plate.
After 24 h incubation at 37˚C (5% of CO 2 ), it was changed to fresh medium and supplemented with the CdS QDs (10, 25 and 50 µg/mL). After 24-h incubation, the untreated and CdS QDs treated A549 cells were harvested with trypsin. Then these samples were washed by PBS and fixed in 70% of ethanol and stored at -20˚C for 1h. The cellular nuclear 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 10
The additional oxygen peak presence in the EDS spectra might originate from organic capping material bound on the surface. The similar observation on presence of oxygen species from biosynthesized CdS using Chlamydomonas reinhardtii is reported in the literature. 43 Furthermore, the shape and particle size of the CdS particles were studied by HRTEM. Figure 1c demonstrates that the CdS particles are homogeneously distributed in the range from 3-5 nm. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 11
Average particle size estimated from TEM is 3 ±1 nm and thus are considered as quantum dots (<10 nm). In few places QD agglomeration is evident due to the high concentration of sample loaded on the copper grid for HRTEM analysis. 44 In literature, different QD sizes have been reported (from 4-10 nm), for instance, 5-10 nm CdS nanoparticles was achieved using Fusarium biomass. 45 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 corresponds to the amide groups (polyphenols, proteins and amino acids). The remaining major peak at 1007 cm -1 could be attributed to aliphatic amines. 48 The FTIR features of Figure S3 (b). Compared to Figure   S3 (a), a weak peak observed around 630 cm -1 indicates the CdS formation. 49 In addition, significant differences were observed between plant extract (Camellia sinensis) and sythesized CdS QDs. Importantly, the peaks appeared at 3421, 1633 and 1376 cm . Few other researchers have also experienced a similar type of biotransformation based nanoparticle synthesis 52, 53 . We speculate that proteins binders in the Camellia sinensis may play a key role in CdS particle size reduction through amine groups or cysteine residues. A similar observation has been noticed by Rao et al. 43 which provides strong protection wall from foreign species penetration. 56 Therefore, the observed antibacterial activity of CdS QDs might due to their low-dimension particle size (3-5 nm), which is able to penetrate and pass through the nanopores of the bacteria cell wall thus enhancing the broad spectrum of antibacterial activity against the virulent bacteria. Hemolysis activity: Hemolysis of the blood is a major issue associated with foreign materials like implants while inserted in the human body. 57 The red blood cells (RBC)
Camellia sinensis extract mediated CdS is presented in
will be hemolysed when in contact with water. Therefore, biocompatibility of plant extract derived CdS QDs is studied through investigating hemolytic activity in RBC cells. For this analysis, the water was added to the RBC cells and then the released haemoglobin was measured using optical spectrophotometer (100% hemolysis). The estimated percentage of hemolytic activity of RBC at various CdS QD concentrations is summarised in Figure 3 . From Figure 3 , it seems that the hemolysis rate of CdS QDs in RBC monotonically increased and relay on dose concentration. At higher concentration of 60 µg/mL, the hemolysis rate is found to be 1.83 ±0.20%. Singhal et al. 58 suggested that foreign biomaterial exhibits below 5% hemolysis, which is permissible in therapeutic /biomedical applications. For more understanding, the optical images of RBC cells in associate with higher concentration of CdS QDs at 60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 16 µg/mL is as shown in Figure S4 The enhanced cytotoxic effect by CdS may ascribe to chemical interaction between CdS and A549 cell bio-environment. Furthermore, to ensure the CdS QDs/ bio-environment interface, the phase contrast microscope images were recorded and are presented in Figure 5 (a) -(d) .
Compared to an untreated cell (Figure 5a) , the CdS QDs treated cells (Figure 5b, 5c and 5d) showed significant morphological changes due to A549 cell shrinkage, loss of membrane 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 18 integrity, cytoplasmic condensation and also cell growth inhibition. 59 The plausible reason for the degradation of the A549 cells might be due to chemical interaction between CdS QDs and A549 cell. Briefly, green synthesized CdS QDs particles could interact with the phosphorous moieties in DNA. Then DNA replication is inactivated leading to inhibition of enzyme functions which results in loss of cell viability, further it undergoes cell death through apoptosis.
Fluorescence imaging analysis: The observed apoptosis effect from Figure 5 raise the question on which cycle of A549 cells growth is inhibited by CdS QDs. Therefore, we examine the apoptotic cell inhibition at different stages using fluorescence imaging. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 As Figure 8 illustrates, DNA count ratio of A549 cells degraded in S and G2M phase, the major effect of apoptosis occurred in S phase and is undoubtedly explained in Figure 9 .
Therefore, we can conclude that plant extract mediated CdS QDs induced cell cycle arrest and has occurred at S phase. The effective bioimaging and apoptosis effect exists at CdS QDs QDs are less at in vivo condition compared to in vitro. [66] [67] [68] Because, heavy-metal release and generation of reactive oxygen species will enhance the cytotoxicity at in vitro. In this condition, QDs may interact directly with blood components. In addition, QDs formulation is differ with synthesis protocol, size, surface chemistry. 69 Therefore, a careful in vivo examination will be helpful in further standardising these green CdS QDs in cancer cell imaging and treatment. From a materials point of view, the influence of plant extract concentration on CdS particle size through surface passivation with appropriate biomolecules 43, 70 will also promote this QDs in wide range of biological activity based applications. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
Conclusions
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